A model which treats one rotational degree of freedom as hindered and the other as free and all translational degrees of freedom as hindered has been employed to calculate neutron differential scattering cross section of water in the region of small-energy transfers. The distribution is found to be sensitive to the presence of free-rotation transitions. It is suggested that such transitions present additional complexities in the study of molecular center-of-mass motions from high-resolution scattering data.
The term Wt(t) represents the contribution due to hindered rotation excitations. Since it does not directly contribute to small-energy transitions, this term will be neglected in the present calculation.
In order to simplify the computation using Eq. (2) we note that the rotator energy is given by (2 8sro)e s'sr" 8(-e+B'k' 2B'Mk) . (5-) Equation (5) co=8.69)&10 ' eV, is performed to correspond to measurements made with a triple-axis crystal spectrometer in which the incident neutron spectrum is 6xed. Total resolution of the experiment is taken to be 5.6% at 0.055 eV. The average of Eq. (4) over both incident and analyzing spectra is given in Fig. 1 . Comparison of this result with preliminary measurements7 shows qualitative agreement which is encouraging in view of the crudeness of the oscillator description, the fact that the water molecule is asymmetrical, and the E=M approximation.
In order to illustrate the structure of the free-rotation transitions we show in Fig. 2 the same cross section as in Fig. 1 but without any inelastic scattering associated with center-of-mass motions (n, = 0). The spectrum consists of pronounced energy transfers of 5, 13, 18, 25, and 34 meV. Although the cross section itself is asymmetric with respect to up and down scattering, the apparent preference for the neutron to gain rather than to lose the same amount of energy is due to the fact that we have averaged the cross section over energy-dependent resolution functions. The intensities of the rotational lines are seen to be weaker than those associated with translational transitions. In fact, using an ideal-gas description of translations we find, as shown in Fig. 3 , that the rotational structure is completely smeared out out by the broad distribution characteristic of free translations.
The existence of small discrete energy transfers in water was first reported by Hughes and co-workers, '
and the same transitions, in a somewhat less pronounced manner, were later also found by Larsson et al. ' On the other hand, Pope and co-workers' reported only a broad distribution and no evidence of discrete transitions.
Since it is the part of the spectrum near the quasi-elastic peak that has been used to infer the nature of center-of- 
